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ABSTRACT 
Retrofitting work is becoming increasingly important to a sustainable built 
environment as it helps reduce the greenhouse gas emissions and energy 
consumptions. However, retrofitting works are mostly small projects and 
predominantly undertaken by small-medium sized contractors, thus prone 
to safety problems as these contractors do not have sufficient resources for 
safety measures. Moreover, despite that safety has been widely researched 
in the construction industry, research into the safety of retrofitting works 
has been limited in the literature. As safety climate is a widely recognised 
construct to explain and predict safety performance, this paper presents an 
on-going PhD study aiming to examine the safety climate factors of 
retrofitting works and investigate the relationships between safety climate 
and safety performance. After refining the research gap through a literature 
review, the data collection will be started by interviewing the retrofitting 
stakeholders to identify the related safety issues comprising safety 
attitudes and safe-unsafe behaviours, followed by distributing an online 
questionnaire targeting the crews of small-medium sized contractors for 
safety climate measurement due to the lack of breakdown quantitative data 
(e.g. accidents records/rate, lost work days). Finally, structural equation 
modelling (SEM) will be employed to examine the quantitative relationships 
between safety climate and safety performance. This paper will present the 
research framework of the study, report the initial findings, and give 
recommendations to improve safety performance of retrofitting works. 
Keywords: retrofitting works, safety management systems, safety climate 
and safety performance. 
INTRODUCTION 
Retrofitting works has become dramatically important in the Australian 
construction industry as well as in the United States (US), the United 
Kingdom (UK), and several European Union countries (EU) (Aste and Del 
Pero 2013; Kok, Miller and Morris 2012). Retrofitting works has been 
utilised to optimise energy sources by reducing energy consumption and 
carbon dioxide emissions, water use, and waste material in an optimum 
consideration for environmental conservancy (Jin et al. 2014). Retrofitting 
types tend to rely on the building circumstances, namely: replacing and 
upgrading the building equipment/appliances, such as upgrading the lights, 
and optimising the building controls for the heating/cooling systems, and 
changing the traditional energy sources to renewable energy. Retrofitting 
the existing buildings for new uses may be cheaper than demolishing and 
rebuilding (Bullen, 2007). In Australia, the Melbourne City Council 
conducted a survey of 2256 buildings in 2013 to deliver the ultimate target 
of 4.5 Star National Australian Built Environment Rating System (NABERS) 
across the surveyed buildings by 2020. The survey found that more than 
50% (1200) of the buildings had been retrofitted, or the retrofits were being 
undertaken, or were being planned within the next five years 
(1200BUILDINGS, 2013). So far, 541 buildings have undertaken retrofit 
work and 315 are planning a retrofit (City of Melbourne 2015). 
Despite the vast bounties above, retrofitting works involved with several 
risky activities and work environment that endanger workers’ safety, such 
as being at height; in confined spaces; dealing with electricity; and using 
mischievous chemical substance. Green roofs (vegetated and solar panel) 
are example of a combination of hazardous activities that can leads to 
different types of accidents (Behm 2011). For example, four (4) insulation 
workers have died by falling from height or electrocution through the Home 
Insulation Programme (HIP) in Queensland, Australia 2009-10 (CourierMail 
2013; NationalAffairs 2014; TheAustralian 2013). Another three (3) 
workers died while installing solar panel by electrocution and heat 
exhaustion in California, US 2009-10 (Behm 2011). Retrofitting works are 
mostly minute and undertaken by small/medium sized companies (Jin et 
al. 2014). These companies have lack of resources for the reasons of 
budget constraints, technological developments in safety or insufficient 
understanding of legal requirements. By default, fewer resources are 
allocated for safety (Chen and Jin 2015; Hasle and Limborg 2006). 
Consequently, lower priority will be given to safety in which intensifies 
inherent safety problems. 
Traditionally, safety approaches were confined to analysing the injury-
based data (Sparer et al. 2013). These metrics of occupational health and 
safety (OHS) are comprised of man-hours-lost, the direct cost of accidents, 
the number of accidents and severity rate (Coyle, Sleeman and Adams 
1996). Whereas, many safety researchers have focused on identifying 
workers attributes that are implicated with susceptibility of accidents 
(e.g.(Cooper and Phillips 2004; Alshahrani, Panuwatwanich and Mohamed 
2015; Lingard and Rowlinson 1998). This is because large numbers of 
occupational injuries have been caused due to individuals’ behaviours 
rather than mechanical/equipment failure or unsafe working environments 
(Mullen 2004).  
One of the safety approaches, that is widely utilised, is safety climate. 
Safety climate has been implemented in different fields to evaluate and 
predict organizational safety performance (Zohar 1980). Further, it is 
normally considered to be an indicator of work safety behaviour changes 
(Meliá et al. 2008). However, the literature reveals lack of safety climate 
studies in the retrofitting sector (Chan et al. 2005; Dedobbeleer and Béland 
1991; Hon, Chan and Yam 2014; Lingard, Cooke and Blismas 2009; 
Mohamed 2002; Niskanen 1994; Sparer et al. 2013; Zhang, Lingard and 
Nevin 2015). While, it remains largely unknown on: 1) how to measure and 
evaluate the safety climate of the retrofitting workplace, given the 
uniqueness of the retrofitting works; and 2) how safety climate affects its 
safety performance. Thus, this study aims to shed light on recognising the 
safety climate factors and investigating the relationship between safety 
climate and safety performance of retrofitting works in Australia. The 
specific objectives to be achieved are: 
1. Identify the safety problems in retrofitting works in Australia;  
2. Identify the safety climate factors of retrofitting works in Australia;  
3. Investigate the relationship between safety climate and safety 
performance; and  
4. Provide recommendations for safety improvement. 
RESEARCH FRAMEWORK 
Figure 1 shows the stages of the research framework. 
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Figure 1 Research Framework  
The current research has utilised a mixed qualitative and quantitative 
research approach. It consists of three phases. Firstly, a thorough literature 
review conducted to enable addressing the knowledge gap and identify the 
aim and objectives. The process of reviewing the literature has 
concentrated on: significance and safety issues of retrofitting works and 
safety management approaches and related measurement of safety 
climate, safety performance. 
The second phase starts with data collection and has been divided into two 
main parts. The first part will adopt a qualitative method. At the present 
research, qualitative method represented by a structured interview that will 
be conducted with the retrofitting stakeholders by asking open-ended 
questions, aiming to discover the safety issues of retrofitting workplace. To 
keep the stakeholders’ privacy, the interview will be recorded and the 
transcript will be de-identified. The second part is to distribute anonymous 
online safety questionnaire (OSQ). The OSQ include three sections namely: 
safety climate, safety performance and participants’ demographic 
information. The reason behind using OSQ is due to the lack of quantitative 
data (e.g. accident rate and lost work days) from retrofitting works section. 
Finally the data statistically will be analysed for cross-interpretation. To 
deliver profound information in the specific context of the retrofitting works, 
analysing the textual data will assist in grasping the safety factors of human 
behaviours/actions (Carter and Little 2007). Interviews’ data will be 
analysed by NVivo software (for classifying and clustering). Afterwards, 
questionnaire survey will be statistically analysed by Statistical Package for 
Social Sciences (SPSS). Next, exploratory factor analysis (EFA) will be used 
to examine the safety climate factors. By using the factor structure, 
structural equation modelling (SEM) method is to be employed to analyse 
the relationship between safety climate and safety performance. The 
analysed data will be utilised in providing the conclusion and final report. 
LITERATURE REVIEW  
Retrofitting Works 
Retrofitting works are becoming increasingly crucial to the construction 
industry in Australia, as well as in the United States and several European 
countries (Aste and Del Pero 2013; Bullen 2007; Kok, Miller and Morris 
2012). Bullen (2007, p. 20) has defined retrofitting works  as “extending 
the useful life of existing buildings supports the key concepts of 
sustainability by lowering material, transport and energy consumption and 
pollution”. Retrofitting is frequently incorporated with adaptation, 
refurbishment, upgrade, conversion, and renovation (Wilkinson, et al., 
2009). In many growing economies, the annual rate of new buildings 
corresponds to less than 2% of the existing building stock (Bullen 2007; 
GBCA 2013). Therefore, retrofitting works will still be undertaken for long 
terms to achieve the environmental sustainable standards. 
Many retrofitting works are undertaken by contractors/subcontractors, 
which are defined as small/medium-sized companies (Jin et al. 2014). Such 
companies have fewer resources allocated for safety because of several 
reasons such as budget constraints, technological developments in safety, 
and misunderstanding of the legal requirements (Chen and Jin 2015; Hasle 
and Limborg 2006), consequently lower priority will be given to safety. 
Therefore, these companies may not have adequate safety awareness, 
resources or training, meanwhile most of the employed workers tend to be 
unskilled due to insufficient safety training programmes (Hon 2012; Chen 
and Jin 2015). 
Retrofitting workers might underestimate the potential risks and neglected 
the safety responsibility because of small and simple tasks involvement. 
There is also a tendency for them to finish their tasks as quickly as possible 
so that they can move onto the next job (Hon, 2012; Lingard & Holmes, 
2001). This is particularly the case when workers are paid by piece rate, or 
bonus, which is based on the number of completed tasks. At the worksite, 
duties and locations might be changed frequently, depending on resources 
and task positions. These changes and transitions can cause unexpected 
hazards (Zhang et al. 2013). For example, when retrofits are made, the 
rules might not be applied in the design tool or platform check. 
Safety Management Approaches  
Safety approaches have become drastically important and seriously 
required in various industries/fields to preserve the workers' lives and for 
continuous productivity. The safety management progression passed with 
three phases (Hudson 2007). Technological solutions, as the first phase, 
have focused on providing safe physical techniques at worksite (e.g. 
guarding machinery and PPE). Afterwards, safety systems have 
emphasised on developing and implementing the systems of the safety 
management. The recent phase, researchers have concentrated to 
investigate the cultural determinants due to the importance of recognising 
the human behaviours inside organizations. Whereas human factors are 
dealt as a complement component to the technical solutions and safety 
management process towards a safe organisation (Zhang, Lingard and 
Nevin 2015). 
Safety Climate  
Safety climate, as a snapshot of safety culture, represents a single aspect 
of several interactions that form the safety culture. Moreover, safety culture 
is a product of multiple interaction objectives between people, their jobs, 
and the organisation (Lee and Harrison 2000). Safety climate and safety 
behaviour are the leading indicators towards a safe organization. Zohar 
(1980) observed that organization climate enhances organizational safety 
performance. Thus, the safety climate approach has become the focus of 
safety researchers and practitioners in terms of the workers’ behaviours 
and safety attitudes (Cooper and Phillips 2004). Safety climate has been 
defined as the basic shared perceptions of the work environment by the 
employees, and these perceptions have psychological utility to adapt 
workers’ behaviours (Zohar 1980).  
Researching safety climate has involved investigating various factors. This 
process has divided into two categories through the time. Until now, 
majority of the studies are concentrating on analysing the safety climate 
factors (e.g. management commitment, worker’ safety involvement, safety 
rules/regulations) which measure the safety perceptions of the workers and 
management through developing textual indicators by questionnaires 
(Fang, Chen and Wong 2006; Mohamed 2002; Hon, Chan and Yam 2012). 
However, analysing safety climate factors has become insufficient as 
hypothesised, in terms of the suggested accuracy for preventive actions 
(Zhang, Lingard and Nevin 2015). Beside investigating safety climate 
factors, some researchers have included agents (e.g. managers, 
supervisors or co-workers)  because of the responsibility role (Meliá et al. 
2008). Table 1 shows a summary of the recent safety climate studies whose 
investigated the facroes and agents in construction industry. Like such 
measurement tools, which have been invented or developed by these 
studies, can assist the construction organizations to diagnosing the weak 
features in the safety practices. Accordingly, safety climate can reflect the 
organisational safety perceptions to contribute to a better safety 
performance and enhance workers’ behaviour (Zhang, Lingard and Nevin 
2015). 
Table 1 Safety Climate studies in Construction Industry 
Studies 
Investigating 
Factors/Agents 
Analysed Level 
Mohamed, 2002 Factors  Individual 
Meliá, et al., 2008 Factors & agents Individual, Group & Organisation 
Lingard, et al., 2009 Factors & agents Individual & Group 
Zhou, et al., 2010 Factors Individual 
Hon, et al., 2012 Factors Individual, Group & Organisation 
Sparer, et al., 2013 Factors Individual  
KH Hon, et al., 2014 Factors Individual, Group & Organisation 
Wu, et al., 2015 Factors Individual, Group & Organisation 
Zhang, et al., 2015 Factors & agents Individual, Group & Organisation 
Safety Performance  
Safety performance is defined as “actions or behaviours that individuals 
exhibit in almost all jobs to promote the health and safety of workers, 
clients, the public, and the environment” (Burke et al. 2002). Safety 
performance relies on direct and indirect measures. Direct safety 
performance measured by different types of information and it can be 
categorized into several groups (e.g. statistical measures, behavioural 
measures, periodic safety audits, and balanced scorecard approach) 
(Choudhry, Fang and Lingard 2009). Indirect safety performance measures 
can be explained through safety behaviuor including: personal 
characteristics, safety culture and safety climate (as leading indicators) 
(Seo et al. 2015). 
DATA COLLECTION STRATEGY  
Structured Interview  
The data collection starts with structured interviews. The targeted 
interviewee will be the supervisors, stakeholders and contractors. 
Undoubtedly, those people have experienced several types of incidents. 
Interview questions have been quoted from the literature and concentrated 
on what are the most common accidents, causes and activities, applied 
safety practices and safety challenges of retrofitting works. 
Online Safety Questionnaire (OSQ) Instrument 
Measuring safety climate in retrofitting workers will be acquired through 
anonymous online safety questionnaire (OSQ). OSQ has been divided into 
three measuring parts including: safety climate and performance and 
demographic information. The first part is the safety climate measurement 
that has been adopted from the NOSACQ-50 survey questionnaire (Kines 
et al. 2011). Safety climate of retrofitting works will measure two levels: 
management/supervisors level and workers level in seven dimensions. 
Secondly, the safety performance divided into three categories 
accident/injury history, safety compliance and safety participation. Finally, 
demographic background consisted of 4 core areas comprising: safety 
training, work-related attributes, knowledge level and personal attributes  
INITIAL FINDINGS AND CONCLUSIONS 
Despite retrofitting works is becoming more and more important, the 
construction workers are alarmingly being in critical safety situation. While 
safety climate studies in construction industry still conducting, none of 
these investigations have been done to retrofitting sector as mostly 
undertaken by small-medium sized companies.  
A comprehensive search has been conducted to find any detailed statistics 
about retrofitting to primary evaluation to the safety performance. 
 
Studying the safety climate of the retrofitting workers will reveal the reality 
of safety in workplace by using the mixed qualitative and quantitative 
approach.  
  
From the initial findings, there are no detailed statistics to evaluate and 
measure the safety performance in such businesses. Thus, this research 
aims to investigate the safety of retrofitting works that attempts to detect 
unsafe behaviours and hazardous activities in which in turn could lead to 
accidents.  
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